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Development of Murine Allergic Asthma Is Dependent Upon 
B7-2 Costimulation 1 

Andrea M Keane-Myers,* William C Cause,* Fred D. Finkelman,* X.-d. Xhou* and 

Marsha Wills-Karp 2 * J 

■ . ■ .. , . Ku rn ,+ V lvmDhocvtes producing the Th2-associated cytokines, IL-4, and IL-5. 

Allergic asthma is thought to be mediated by T ^phoqrtes p ^ g of Ap haye been suggested to 

Recently, the costimulatory molecules B7-1 and B7-2 wh.ch^ ^*P'« of ^ cdstirnu , ator y mo l«ules in 

influence the development of Th1 I vs Th2 ^Z^^C^SLm in a murine model of asthma. In this model, 
the pathogenesis of Th2-mediated ^^f^^^Zen^, pulmonary eosinophil, and pulmonary Th2 
OVA-sensitired A/J mice develop S!gn,f,cant increases *™>^ P ^ p ^ s . control anln1 als. Strikingly, administration 
cytokine expression following asp.rafon change * rth< OVA * c ™£™ sivenesS/ pu | m0 nary eosinophilic and 

of anti-B7-2 mAb to OVA-treated mice abashed ^^^SSL "Led both total hmg IL-4 and IL-5 rnRNA 
elevations in serum lgC1 and ' <J .-B7-2 JJ*^ with no significant changes in IFN-y message or protem evels. 

of Immunology, 1998, 160: 1036-1043. 



AUergic asthma is a disease characterized by airway hy- 
pemssponsiveness, pulmonary inflammation, and ele- 
vated serum IgE levels. Increasing evidence suggests 
that T lymphocytes, in particular CD4 + T cells of the Th2 phe- 
notype, play a pivotal role in the development of the airway hy- 
perresponsiveness and the eosinophilic inflammatory response 
common in asthma (1-3). Elevated IL-4 and IL-5 levels in i bron- 
chial biopsies (3), bronchoalveolar lavage <BAL) S cells (1, 2) and 
blood (2) of allergic asthmatic patients have been noted. Since 
these cytokines promote eosinophil chemotaxis (4), acuvaoon 5). 
and survival (6), as well as IgE production by B cells (7), this 
cytokine pattern has been thoughfto be important in human aller- 
gic asthma. . , 

We have recently provided additional support for this hy- 
pothesis in a murine model of Ag-induced airway hyperrespon- 
siveness and pulmonary eosinophilia in which allergic re- 
sponses are CD4* T cell dependent (8) and associated with 
increases in Th2 cytokines in the lung (9). In addition, we dem- 
onstrated that administration of rlL-12, a cytokine important in 
Thl cell differentiation, both prevented and reversed the devel- 
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opment of allergic airway responses in mice (9). Despite con- 
siderable evidence suggesting that T lymphocytes play a pivotal 
role in the pathogenesis of asthma, the molecular signals that 
direct the differentiation of naive T cells into pathogenic ThZ 
cytokine-producing cells in the lung in response to inhaled al- 
lergens are not well understood. 

CD4*" T cell activation requires two distinct signals from 
APC (10) The first signal. -which confers specificity, is pro- 
vided by the interaction of the TCR with MHC II complexes on 
APC A second costimulatory signal can be provided by APC- 
borne ligands for the CD28 and CTLA-4 receptors on T cells. 
TCR ligation in the absence of costimulation induces Ag-spe- 
cific T cell anergy (1 1). The ligands for CD28 and CTLA-4 are 
B7-1 (CD80) and B7-2 (CD86) (12, 13). Blockade of the B77 
CD28 pathway with CTLA4Ig, a soluble fusion protein (14), 
has been shown to effectively inhibit T cell activation in vitro 
(15. 16) and in vivo (17-22). Recently, some studies have sug- 
gested that B7/CD28-CTLA-4 interactions may not only be im- 
portant in T cell activation and IL-2 production, but may also 
play a role in T cell differentiation with B7-1 favoring devel- 
opment of Thl cells and B7-2 favoring Th2 cells (22-24). In 
contrast, other studies have suggested that B7-1 and B7-2 mol- 
ecules can substitute for each other during Th2 differentiation 
(25 26). Few studies have examined the potential role of these 
costimulatory molecules in the development of T cell-depen- 
dent allergic airway responses. 

In the present study, we examined the relative contribution of 
B7-1 and B7-2 to the development of Th2-mediated allergic 
airway responses in an in vivo murine model of asthma, which 
we have previously described (8. 9). Our results demonstrate 
that B7-2 costimulatory molecules are required for the devel- 
opment of a type 2 cytokine patten, as well as the development 
of allergic airway responses. In contrast, treatment with anti- 
B7-1 did not block the course of the type 2 immune response. 

OO22-1767/98/502.OO 
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Materials and Methods 

Animals 

Six-week.ld male A. mice were J- Jg- ^'free 

(Bar Harbor. ME) and were housed m j^es sported 

animal facilityfor *e dumuo- £^X^«e£c» oodtoedby 
hereeonfonnedtotopnnciples for^^ ^ Education and 
the Animal Welfare Act and .he %F%^t«4* experimental use 
Welfare (National Institutes of Health) guidelines lor me e*p* 
of animals (n - 6-8 mice/experimental group). 

Special reagents 

Abs used for die in vivo cytokine in W? .io.«^^t 

Effects Of B7 blockade on allergic airway responses to Ag 
challenge 

Mice were sensitized 1 by i.p. injection oj OJA 

PBS alone (controls). Two «eka later. T^/l* Vesoectively) andchal- 
nuxture of ketamine and xytane (45 an 18 mgfl* «P™» a sup5ne 
lenged bv aspiration. Specifically, mice are placed ' 
poltion/TJammal's tongue •^'"^Jg^b'Ji* 
U% solution of OVA or an equivalent volume : of , vo ' * 
onthe back of me tongue. Wehaveexanwd*^ 

ffi^V. detected ^^^OV^»d PBS„ 
OVA-tieated (both seosiwed end ^^ged won u ^ 
treated mice (both sensitized and chal lenged w * PBS vemc. , > 

ster IgG. 100 fig ^IgG2a ffH-UTJ. or iw MB „g/ m0U se) were 

^• (G ^ l ^°SJ ^toi °0VA bf Station in ( a^ of 50 

JSiA^Xand blood was taken for analysis of Ig levels. 
Airway responsiveness measurements 
Airway responsiveness "to i.v. 

previously described with n»n« JgJS^^fiSSl with a 20- 
anesthedzed with sodium pen «**2f f"^ ^niobreaths/rain with a 
gauge tracheal cannula, a^ vem.U^ ^c 0^2° b« ^ 

constant ddal volume of f^aUannula. Muscle paralysis 

a pressure «ansducer ^j^ ^S^ bromide (25 mg/ 
was provided by lv. ^<^^?°? Assure recording, acetylcho- 

per s). 

Assessment of a/Vway inflammation 
- Ate airway responsiveness measurements, lungs were lavaged ^ 
^rfS mSS solution without calcium or magnesium plus 10% FBS. 
with 1 ml of HH5^ soiuuoo wgiuw . Q . * ^ supC raatant was 

The lavage Quid was •^^^^^^^pSded in I ml . 

preparations were stamed with ^^ IC * ( ^^ 3d on light micro-. 
BAL cell differential percentages were determined baseo on 8 
scope evaluation of >500 cells/slide. 
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wnaeribed with Supencript RT (Bethesda Research Uboratones^ Rock- 
*MD). and cytVkine-specific primers were used to amphfy selecwd 
cymidnes (30). For each cytokine, me optimum number of cycles (.e the 
S of cvcles that would produce a detectable quantity of cytokine 
nmduct DNAmatwas direcdy proportional to the quantity of input 
SkM w« detminS experimentally. To verify that equjd mourns of 

Sg^A T ^™7^r;s 

uplifted wim specific Primers at die »?^ T e ^ ™~aS 

KSrSs Pnosphorlmager (Molecular Dynarmcs Sunny- 
v^CA^Mean values are expressed relative to the means of the PBS- 
Slenged aLals. which were arbitmrily given a value of 1. 
Quantitation of cytokine protein levels in BAL fluid 
After airway measurements, mice were '««g^ th^h^ wi* 1 ml of 
HBSS solution without calcium and <na fW£*J ™^w?«ho* 

dons. The following Ab pairs were used teMAflW»» 

JSmWo- T»« of dettc,ton WSS 3 P8/ml f ° r 
OVA-specific IgCI and lgC2a ELISA assays 
Sera were ob^edfromb^endjuin 8 -^tio^of d. a^ala 

after airway measurements. IgG subclass speciuc ci-^ n . flx , qc 

qtnu™VA-specific IgGl and IgG2a ^ '«veb in semm. Bnefly 96- 
well Coming ELISA plates were ,Uof ^VA PWJ 

in HBSS ovemightat room 5g~«WX»*« 2 h « ^ 
blocked with the addition of PBS-10* FBS (zuu »w J pBS 

(1:2000; 7. chain specific) or ami-mouse IgG2a(1.2<m tt.cn« £ 
Kirkegaard and Perry. Gaithetsburg. MD). Plates were reau 



.< Qoantfatfon of eyloWne mRNA levels in the lung 
V RNase-free plastic and waler were used toughout ^J^^J^ 

formaldehyde gel containing ethidium btomj* W The gel w«g«^ 

RNA loaded onto each lane. - oreviousty re- 

^^J° b ^deS«A^5^°^ 



Quantitation of total serum tgE 

dons of IgE and the final concentration was obtained by multiplying oy » .. . 
dilution factor. 

Data analysis . . 

Daa are summarized as mean ± SE ^Tte suti^cd lanaly^f M£. 
were performed by analysis of vanance •»« ^i^^S were 
difference test for multiple comparisons. Probability vaiuc* 
considered significant. 

B?2 blockade ablates airway hyperresponsiveness and 
pulmonary inflammation ■ ■ 

As B7-1 and B7-2 molecules are thought to be importani t m 
«n differentiation, we sought to Pennine «he reteuve 
button of B7-2 and B7-1 to the todop^i » ^ Wj- 
Ag-induced airway hyperresponsiveness and ^^fi • 
previously reported (8. 9). airway reactivity to ^ acetyl hohje,. 
challenge in OVA-ueatcd mice was significantly increased 
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FIGURE 1. B7-2 blockade inhibits 
Ag-induced airway hypenespons.ve- 
ness to i.v. acetylcholine in mice 96 h 
after a single challenge with OVA or 
PBS OVA-sensitized mice were in- 
jected i.v. with either anti-B7-1 (100 
ud, anti-B7-i (100 /ig), or a combina- 
tion of both Abs (200 p0 24 h prior to 
aspiration challenge with OVA. re- 
spectively. Control animals were ad- 
ministered either 100 v% hamster IgG, 
100 ug lgG2a (CH V7) or 100 ,ig qf 
both hamster IgG and lgG2a (GL117). 
On the day of the challenge, either 
specific Abs or isotype-matched con- 
trol Abs (100 ^mouse) were admin- 
istered with the PBS or OVA by aspi- 
ration in a total volume of 50 jd. 
Values shown are means + SE of six to 
eight animals per group. > < 0.05 
compared with PBS group; *p < 0.05 
compared with OVA + respective iso- 
type control mAb-treated groups. 

rive n«s to acetylcholine in OVA-treated mice as compared 
w th rway responses of OVA-treated mice receimg ; *M» 

type . m atch y ed Ab W}*5^Z£Z£Z£S£ 
treatment had no significant effect on airway reacu j 
"eated mice as compared with their ?™*<°™+£ZZ 
leG) Isotype-matched control Ab (i.e.. hamster IgO or 
Si. (GL117)) administration had no significant effect on «r- 
way ^activity in OVA-treated mice. Combining -«-B7-l and 

^Tmajonty of ceUs -fSS 

SrS.B7-l partially suppressed the ^ 

dency » reduce alveolar macrophage numbers ahhough ^notag 
JficLly; however, they had no significant effect on eosinophil 
numbers in the BAL. 

B7-2 cumulation is required for Th2 cell differentiation 
To determine the role of B7 molecules in T cell 
an °d cytokine production, we examine, J*** 
of B7-1, B7-2, or both on IL-4, IL-5, ana irrt y ^ 
pro*i» levels. Detectable mRNA and protein >-e Is of IL-4. 
Zs, and IFN-7 were observed in PBS-tteattd mice (F^ 3^4, 
and 51 As we have previously demonstrated (9). following Ag 

D 6 • nificant increases in IL-1D 
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•'mRNA levels as compared with PBS J* 
B7-2 or the combination of anti-B7-l and anti-B7-2 mAbs ig 
nificanrty suppressed* Ag-induced increases in P?* 8 *™ ™ 
vTTJa TL 5 as compared with their respective isotype Ab 
IL-4 and as compare marked 
controls, while having no effect on IFN-y level* i 
contrast. anti-B7-l .did not significantly alter IL-4, IL 5. or 

conuasi, <um . • nvA-treated mice as cora- 

IFN-7 mRNA or protein levels in OVA-treaieo ™ w 
nared 1 with hamster IgG treatment. Interesungly. the cotnbtna 
S^eTwiw and anti-B7-2 Abs significantly increased 
BAL IFN 7 protein levels in PBS-treated mice. Isotype; coimo 

- T cllh into type ^producing cells in response to inhaled Ag. 

anti-B7-l Ab used inhibited B7-1 interactions. 
Effects o/" 87 b/odrade on serum (g /eve/s 
To examine the role of B7 molecules in humoral responses to 
IhaledTvA exposure, we measured OVVspec.fic levels of 
gG n^ g G2aS total IgE in serum samples from animal 
igu anu b Administration of anU- 

TfWA snecific IgGl when compared with mice treated 
sion of OVA-speci&c igi^i n ^ effect Qn 

S S iJSf or^a levels. Combined mAb treatme 
did not result in any significant inhibitory effect on Ig levels 
over that observed with anti-B7-2 ^ « OV A 3c 
matched control mAb treatment had no effect on OVA spec 

"OVA 6 — n^o Snge resulted in significant eleva, 

8). And-B7-2 mAb treatment abolished OVA-mduc^ mcreas« 
gE levels when comp.ued with isotype ^J^^Z n o 
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FIGURE 2. Effects of B7 blockade or i num- 
bers of BAt macrophages W 
(B) recovered from mice 96 h after a sing e 
OVA or PBS challenge. Values shown are 
mean + SE of 6 to 8 mice/group. Mice were 
treated as described in Figure 1. P < ^ 
Scared with PBS group; -p < 0.05 com- 
pared with OVA + respective isotype control 
mAb-treated groups. 
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type 2 cytokine production as wettas in the development of aller- 
gic responses. • i 

Discussion 

rt f rtJlOL with MHODL complexes on APC (10). Uue oi uic 
^cn^en^uIaLy signaling P^^^ 
CD28 and CTLA-4 molecules that are "P^ 0 "!"^ 
tneir ligands. B7 molecular m - g, 1 ^ 

We have recently demons^ t^ ^^g a^ ^ ^ 

Acs woen annum ^ rf ^ ^nses was associated 



with suppression of Th2 cytoid.es without ^ *-J-£*™ 

in the lung. Our findings support that of previous ^ ^ . 
Liar mLe models (35. 36). To 
the B7 family have been identified, namely B7-1 ^ 
fCD86^ fl2 13). Considerable controversy exists as » WD "™* r 
S moSul" are interchangeab.e or mediate 
Lugh CD28 (22-26). Some studies have supported to concept . 
L fey mediate distinct functions 

imp oru«,t in Thl ceU ^"^f^^ previous in •■ 
impormtmT*2ceU<BfFe«nnaaon^24^Howe^^ - 

vi«£ smdies have suggested that e.ther B7-2 
m otes flte differentiation of naive T ^^ m ™JS&.. 
(24)or«hatB7-l or B7*2 interacnons w,m CD28 ^can W 
• - . • - / Th*> nre^ent study was undertaieen to 
cell differennauon (25) • ^ P"*" sW * ^ ffiolccules was 

Aas in this murine model. Strikingly, B7-2 blockade comp v 

inflammadon. and elevaoons m serum IgE teveK in 

with its inhibitory effects on these BAL 

mA b ablated Ag-induced increases in Th2 cytokines in .. 
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FIGURE 3. Effect of B7 blockade on 
IL-4 protein levels in BAL supernatants 
of mice 96 h after a single OVA or PBS 
aspiration challenge. PBS- or OVA- 
challenged mice were treated with anti- 
B7-1, anti-B7-2, or a combination of 
both Abs as described In Figure 1 . Pro- 
tein levels were analyzed using ELiSAs 
as described In Materials and Methods. 
After subtracting background absor- 
bance, OD readings were converted to 
picograms per millimeter by compari- 
'•' son "with standard curves/ Results 
shown are means + SE of cytokine pro- 
tein levels for six to eight. mice in each 
group. **"p < 0.05 compared with PBS 
group; *p < 0.05 compared with 
OVA + respective isotype control 
mAb-treated group. 
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FIGURE 4. Effect of B7 blockade on 
IL-5 protein levels in BAL supernatants 
of mice 96 h after a single OVA or PBS 
aspiration challenge. PBS- or OVA- 
chaltenged mice were treated with anti- 
B7-1, anti-B7-2, or a combination of 
both Abs as described in Figure 1 . Pro- 
tein levels were analyzed using EUSAs 
as described in Materials and Methods 
and in the legend to Figure 3. Results 
shown are means + SE of cytokine pro- 
tein levels for six to eight mice in each 
group. *p < 0.05 compared with PBS 
group; 9 p < 0.05 compared with 
OVA + respective isotype control 
, mAb-treated group. 



FIGURE 5. Effect of B7 blockade on 
IFN-7 protein levels in BAL superna- 
tants of mice 96 h after a single OVA or 
PBS aspiration challenge. PBS- or 
OVA-challenged mice were treated 
with anti-B7-l, anti-B7-2, or a combi- 
nation of both Abs as described in Fig- 
ure 1 . Protein levels were analyzed us- 
ing ELISAs as described in Materials 
and Methods and in the legend to Fig- 
ure 3. Results shown are means + SE of 
cytokine protein levels for six to eight 
mice in each group. + p < 0.05 com- 
pared with PBS group; *p < 0.05 com- 
pared with OVA + respective isotype 
control mAb-treated group. 




200 

pg IFN-g/ml BAL 



fluids, with no effect on EFN-y levels. As there were no signif- 
icant increases in IFN--y after Ag challenge, it is not surprising 
that anti-B7-2 mAb treatment did not affect IFN-7 levels. In 
contrast, anti-B7-l blockade did not result in suppression of 
Ag-induced airway hyperresponsiveness. IgE production, or 
Th2 cytokine production. These results provide evidence that 
B7-2 costimutation can play an essential role in the develop- 



Although B7-2 was required for the development of this type 
2 allergic immune response, blocking B7-2 interactions did not 
cause immune deviation toward increased IFN-y expression, 
nor did blocking B7-1 interactions promote a more severe al- 
lergic response. Similarly, we have shown that CTLA4Ig treat- 
ment of OVA-sensitized and challenged A/J mice suppressca 
Ag-induced Th2 cytokine production, but did not alter IFN-Y 

■ those of Tsu uki et ai. 
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FIGURE 6. Effects of B7-1 and 87-2 
blockade on 11-4, 11-5, IFN-r and 1L-10 
mRNA expression in the lungs of mice 
96 h after OVA challenge. Mice were 
treated as described in Figure 1. RNA 
was extracted from lungs and purified 
using the RNAzol B method, reverse 
transcribed into cDNA, and then sub- 
jected to varying cycles of PCR as de- 
scribed in Materials and Methods, Am- 
plification of HPRT was performed as a 
control for the total amount of cDNA 
used in PCR. Data are expressed as the 
mean + SE of the fold increase over con- 
trol PBS values (n = 4). 
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FIGURE 8. B7-2 blockade in- 
hibits Ag-induced increases in 
total serum lgE levels. Mice 
were treated as described in Fig- 
ure 1. Values are mean 4 SE of 
tgE levels from six to eight mice 
per group. *p < 0 05 compared* 
to P8S group; *p < 0.05 com- 
pared with respective isotype 
control mAb-treated OVA 
group. 
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(35) who demonstrated using a similar Ag 

• ■. . b ad illustration did. in fact in- 



These differences may reflect the inhcr^rs^e^iJV jj^r 
A/J strain to the development of Th2 responses and 
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deficient in these mice. Consistent with this is our finding that 
if these animals are given exogenous 1L-.12 they will produce 
IFN-y, which effectively ablates the development of the allergic 
phcnotypc (9). Another potential difference is that in our study 
cytokines were measured in BAL fluids taken at the time of 
measurement of allergic airway responses whereas in their 
study, IFN-y levels were derived from isolated lung cells stim- 
ulated in vitro with anti-CD3 Abs. 

Our studies demonstrate that B7-2, but not B7-1, costimula- 
tion is necessary for T cell help leading to B cell activation and 
secretion of IgGl and IgE. Since these Abs are associated with 
Th2 ccU effector function, they provide further .evidence that 
B7-2 costimulation is required for IL-4 production and the de-. 
velopment of a type 2 immune response (7). These observations 
are consistent with our previous finding that CTLA4Ig. prevents 
the development of humoral responses in allergen-challenged 
A/J mice (34). Consistent with the lack of increase in IFN-y 
production in anti-B7-2-treated animals, IgG2a levels, which 
are thought to be IFN-y dependent, were not affected by anti- 
B7-2 treatment. The lack of involvement of B7-1 in OVA-in- 
duced Ab production was also demonstrated using YIOOF-Ig, 
which recognizes B7-1 not B7-2, in a murine model of Ag- 
induced airway eosinophilia (37). 

One interesting finding was that CTLA4Ig ataunistration to 
mice before Ag sensitization resulted in blockade of OVA-specific • 
Abs of all isotypes studied (IgE, IgGl, and IgG2a), whereas when 
it was administered prior to Ag challenge it suppressed only IgE 
and IgGl with no effect on IgG2a levels. Administration of anti- 
B7-2 Abs reproduced the effect of CTLA4Ig on Ab production 
when it was given prior to local lung challenge. These results 
suggest that perhaps IgE and IgGl Ab increases were due to Ag 
presentation in the lung following local Ag challenge and that a 
more mixed response occurs during systemic sensitization. This is 
consistent with our observation that IgGl and IgE Ag production 
is markedly elevated following local Ag challenge as compared 
with that, following systemic sensitization alone (M. Wills-Karp 
and A. M. Keane-Myers, unpublished observations). This hypoth- 
esis is supported by a recent report by Chvatchko et al. (38). in 
which they demonstrated the formation of germinal centers within 
the lung parenchyma, which predominantly produced OVA-spe- 
cific IgGl and IgE in mice challenged intratracheally with OVA. 

Surprisingly, anti-B7-l treatment of OVA-sensitized and chal- 
lenged animals partially suppressed OVA-induced increases in 
pulmonary eosinophilia, but not to the extent that anti-B7-2 treat- 
ment alone did. This finding is consistent with the reports of other 
investigators using similar murine models of allergic airway re- 
sponses (37). Harris et al. demonstrate that blockade of B7-1 with 
a mutant form of CTLA4Ig, which specifically blocks B7-1, sig- 
nificantly reduced Ag-induced tissue eosinophilia, but had no ef- 
fect on blood eosinophilia or IgE levels (37). In contrast to the 
partial suppression of eosinophilia by anti-B7-l Abs, B7-2 block- 
ade virtually ablated Ag-induced increases in BAL eosinophils. 
This inhibition was concomitant with the suppression of both IL-4 
and IL-5 BAL levels. On the other hand, blockade of B7-1 did not 
inhibit Ag-induced increases in either IL-4 or IL-5 levels. This 
effect was also not mediated via increases in IFN-y as no increases 
in IFN-y levels were observed following anti-B7-l treatment of 
OVA-sensitized animals in our study. These results suggest that 
the partial inhibitory effect of anti-B7-l is due to non-IL-5 medi- 
ated processes, which contribute specifically to recruitment of eo- 
sinophils into tissues such as the production of RANTES and/or 
eotaxin (39, 40). 

As blockade of B7-2 2 wk after the initial sensitization was 
effective at suppressing the development of this type 2 immune 



. KQLfc Oh BA1/67-2 CO^tULATION IN MURINE ASTHMA 

.response, pur results suggest that B7 costimulatory molecules are 
required for the activation of T cells during this secondary re- 
sponse. Previous in vitro (41) and in vivo (22, 42) studies have 
suggested that B7 costimulatory molecules may not be required for 
effector and memory T cell activation and cytokine production. 
Our results suggest that B7-2 molecules play a pivotal role in trig- 
gering of the Th2 challenge immune response in this murine model 
of allergy , suggesting that costimulatory signals may be important 
at these later , stages of T cell differentiation. Consistent with this 
hypothesis, Finck et al. (19) has recently shown that CTLA4Ig 
administration can markedly ameliorate disease severity in a mu- 
rine model of lupus, if administered subsequent to the development 
of disease. Although this effect may also be attributed to the inhi- 
bition of newly recruited T cells during this chronic disease, it is 
unlikely that, this is the case in our allergy model, given the acute 
effect, within 96 h, of blocking B7-2 interactions. 
■ Consistent with our findings, the importance of B7-2 in the dif- 
ferentiation of Th2 cells has also been recently demonstrated in an 
in vivp model of experimental allergic encephalomyelitis (23). In 
this model, Thl cytokinc-producing cells are associated with the 
disease phenotype. Anti-B7-1 treatment (resulting in Th2 cell ex- 
pansion) ameliorated the disease, whereas anti-B7-2 exacerbated 
the disease, presumably resulting in the expansion of Thl cells. In 
. contrast, type 2 immune responses in response to infection with the 
nematode parasite, Helipmosomoides poly gyrus, require both B7-1 
• and B7-2 costimulation, as blockade of both B7-1 and B7-2 was 
required to inhibit H. po/ygyrw-induced type 2 immune responses 
such as increases in serum IgGl and IgE levels, the expansion of 
lymph node germinal centers, elevated blood eosinophils, and in- 
creased mucosal mast cells (43). These studies indicate that either 
JB7-1 or I$7-2 ligand interactions can provide the required costimu- 
latory signals that lead to T cell effector function during a type 2 
in vivo immune response. Thus it is clear that the requirements for 
costimulatory molecules during immune responses are quite com- 
plex and are likely to depend on a number of factors unique to each 
specific type of immune response. 

The distinct requirements for B7-2 costimulation observed in 
This model are likely 'due to differential expression of B7-1 and 
B7-2, as other investigators have recently shown that both lung 
macrophages (37) and lung B cells (35) express predominantly 
B7-2 following inhalational exposure to OVA of mice of two dif- 
ferent genetic backgrounds. One possible explanation for this dif- 
ferential expression of B7 molecules is that previous studies have 
indicated that there are clear differences in the kinetics of expres- 
sion of B 7-1 and B7-2 during an immune response (44, 45). B7-2 
is constitutively expressed on monocytes and rapidly up-regulated 
on B ceUs and dendritic cells following activation. In contrast, 
B7-1 expression is up-regulated later during activation of the im- 
mune response on each cell type. However, in the studies de- 
scribed above, B7 expression was examined several weeks after 
the initial sensitization, which should have been sufficient time for 
B7-1 expression to be up-regulated However, as we have previ- 
ously shown in a similar model that systemic sensitization alone is 
not sufficient to elicit allergic responses in the lung, the time fol- 
lowing local lung challenge with the immunogen may be more 
critical (8). Alternatively, either the nature of the immunogen, the 
route of exposure and/or the dose of the immunogen may influence 
not only the type of immune response but the degree of costimu- 
lation required (46, 47). 

In summary, our studies provide compelling evidence that the 
development of Th2 cytokine patterns and subsequent develop- 
ment of allergic airway responses to inhaled Ag challenge requires 
B7-2 costimulation. As a predominant Th2 cytokine pattern has 
been observed in human asthmatics (1-3), these studies suggest 
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that blockade of B7-2 may provide a novel therapeutic approach to 
the treatment of allergic airway disorders. 
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